Objective: To carry out a systematic appraisal of the current status of the use of metallic endobiliary stents in the treatment of benign biliary strictures. Methods: A computerized search of the MEDLINE and EMBASE databases identified 37 studies providing detailed clinical course data on outcome of metallic endobiliary stent placement in 400 patients. Pooled data were examined for etiology of stricture, indications for stent placement, procedure-related complications, and outcome with reference to stent patency. Results: The median (range) number of patients per report was 8 (2-54) with a median recruitment period of 44 (9 -126) months. The most frequent indications were postoperative biliary strictures in 123 (31%), stenosed biliary-enteric anastomoses in 79 (20%), and biliary strictures following liver transplantation in 88 (22%). During a median follow up of 31 (1-111) months, 139 (35%) stents occluded, and there are little patency data beyond 2 years after deployment, with 99 (25%) known to be patent at 3 years from stent placement. Conclusions: These pooled data on 400 patients constitute the largest collective report to date on the use of metallic endobiliary stents for benign biliary strictures. The results show a critical lack of data on long-term patency such that at the present time, metallic endobiliary stents should not be used for benign stricture in those patients with a predicted life expectancy greater than 2 years.
M etallic endobiliary stents are well established for the treatment of malignant obstructive jaundice. [1] [2] [3] When used for palliation of jaundice from unresectable malignancy, the relatively short patient-survival time after diagnosis often means that death intervenes before stent-related complications such as occlusion occur. 1 Further, when problems of stent occlusion do intervene, they can be managed by shortterm salvage strategies such as stent-within-stent therapy and/or percutaneous drainage. 4, 5 The increased availability of equipment and expertise has led to a broadening of the described settings for the use of metal stents, and many reports now describe their use for treatment of benign biliary strictures. 6 -9 However, although the technical process of stent deployment may differ relatively little between benign and malignant strictures, the biomechanics of the stent-bile duct interface are likely to vary considerably between malignant and benign strictures. Further, from a practical clinical perspective, the potential consequences of a metal stent placed across a benign biliary stricture are influenced by the patient's greater expected survival time 10 -12 and the requirement for longer-term treatment strategies when stent occlusion occurs.
The current evidence-base for the use of metallic endobiliary stents in benign biliary strictures derives almost entirely from small, single-institutional cohort series, which continue to accrue. 5, [13] [14] [15] [16] [17] The aim of this study is to carry out a systematic appraisal of the available evidence with the intention that analysis of pooled data can provide critical insight into the role of metal endobiliary stents in benign biliary strictures. In the absence of an evidence-base from randomized trials, a pooled systematic analysis underpins the current evidence-base and can provide a definitive information source.
METHODS

Literature Search Strategy
A computerized search was made of the MEDLINE database for the period from January 1966 to November 2003 inclusive and of the EMBASE database for the period from January 1980 to November 2003. The OVID search engine (Version 9; Ovid Technologies, New York, NY) was used. In MEDLINE, the MESH headings "cholestasis" and "bile duct obstruction, extrahepatic" yielded 15,439 hits. The keyword "bile duct stricture" yielded 173 and the keyword "biliary stricture" 321. Combination of these biliary stricture searches to exclude duplicates yielded 15,741 hits in MEDLINE and 9017 in EMBASE. Next, the MESH heading "stents" was combined with the keyword "metal stents" to yield 18, 197 hits in MEDLINE and 12,084 hits in EMBASE. Finally, the biliary stricture search results were combined (meshed) with the metal stent search results to produce 837 MEDLINE hits and 658 EMBASE hits, respectively. Of the articles identified by the EMBASE search, 650 were also detected in the MEDLINE search. These 845 (837 MEDLINE plus 8 unduplicated EMBASE) abstracts were then downloaded and studied.
Papers were excluded if they were reviews, letters without original data, non-English, animal studies, reports on patients with strictures due to malignant disease, and studies with plastic stents. If there was any doubt as to the suitability of the article after reading the abstract, the full manuscript was obtained. A total of 757 articles were rejected on the basis of the examination of the downloaded abstract with the rejection criteria outlined in Figure 1 . This process of exclusion yielded 88 full articles. Manual searching of the reference lists of these articles identified 5 additional studies (including 2 published abstracts of studies presented at scientific meetings) missed by electronic searching giving a total of 93 studies ( Fig. 1 ). After study of these full manuscripts, further exclusions were necessary as follows: 28 papers without any data pertaining to the use of metal stents in benign disease, 15 case reports; 5 further papers describing a single case each of metallic endobiliary stent deployment for benign disease in studies predominantly reporting outcome in patients with malignant strictures, and 8 sequential publications 5,6,18 -21 with overlapping patient populations (in these cases only the original report was retained). These exclusions produced a final study population of 37 manuscripts.
Data Extraction
Each of the 37 articles was reviewed independently by 2 authors who separately extracted data on the following categories for presentation: number of patients undergoing metal stent placement for benign biliary stricture, recruitment period, etiology of biliary stricture, indication for stenting, number of stents occluded, delay to stent occlusion and annual patency, and management of occluded stents. Extracted data were then crosschecked between authors to rule out discrepancy.
Study Population
The 37 manuscripts yielded information on 908 patients in whom metallic endobiliary stents were placed, with 400 of these undergoing metal stent placement for benign biliary stricture. These 400 patients constitute the principal study population. The use of the term "benign biliary stricture" was applied to all 400 in their original reports.
The median (range) number of patients per report was 8 . The median (range) recruitment period in the 21 studies providing data on enrollment was 44 months (9 -126 months) (these studies encompass 271 ͓68%͔ patients). The median age (range) in 24 studies providing data on patient age was 54 years (3 months to 92 years).
Principal Outcomes
For the purposes of this study, the index episode of insertion of a metallic endobiliary stent was regarded as the point of commencement for clinical course and stent patency data regardless of prior management of biliary stricture. Similarly, occlusion of this index metal stent was regarded as the end point for assessment of primary stent patency. Pooled data were examined for information in the following outcome categories:
• Etiology and duration of stricture prior to stent placement • Indications for metal stent insertion • For the purposes of this study, primary patency was defined as the initial period of patency of the index metal stent. This period was taken to commence at placement and end with any episode of occlusion. Any subsequent period of stent patency obtained by therapeutic intervention was excluded for the purposes of this analysis.
Statistical Analyses
Data are presented as median (range) unless otherwise stated. Interpretative analyses based on pooled as opposed to individual patient data cannot detect censored, missing, and incomplete follow-up; hence, survival analyses cannot be conducted on these data.
RESULTS
Etiology and Duration of Stricture Before Stent Placement
The etiology of benign biliary stricture ( Table 1) was postsurgical injury to the common bile duct in 123 (31%). A further 79 (20%) patients had stents placed for postoperative strictures at biliary-enteric anastomoses. Eighty-eight patients (22%) had biliary strictures complicating liver transplantation. Nonsurgical causes included strictures secondary to chronic pancreatitis in 69 (17%), primary sclerosing cholangitis in 21 (5%), and strictures secondary to ductal (both intrahepatic and extrahepatic) stone disease in 8 (2%). Rare causes (in 12 patients) included postradiotherapy stricture, bilio-duodenal fistula, and idiopathic stricture.
The median (range) duration of the stricture prior to the insertion of metallic stents in the 14 studies (144 ͓36%͔ patients) providing these data was 15 months (1 week to 96 months).
Indications for Metal Stent Insertion
In a majority of reports (where indication was stated), a metal stent was inserted following the failure of other methods of treatment of jaundice/cholangitis (Table 1) . Prior surgical repair of biliary stricture had been attempted in 80 (20%). Prior placement of a plastic stent had been attempted in 79 (20%) and percutaneous and/or endoscopic balloon dilatation employed in a total of 206 (52%). Information on interventions prior to placement of metal stent was not available for the remaining 35 patients.
Route of Stent Insertion
Metal stents were inserted via the percutaneous transhepatic route in 199 (50%), via endoscopic retrograde access (ERC) in 69 (17%), and via a combination of PTC and ERC in 42 (11%) ( Table 1 ). In the 25 studies (233 ͓58%͔ patients) providing information relating to diameter/length of metal stent, the median stent diameter was 10 mm (5-12 mm) and stent length was 34 mm (10 -78 mm).
Profile of Complications
Stent migration or dislodgement was reported in 15 (4%) patients. Other complications reported were hepatic abscess or sepsis (5), bile leak (2), hemobilia (3), and stone formation above the stent (2).
Stent Patency
The median follow-up period after insertion of metal stents was 31 months (range, 1-111 months) in the 34 manuscripts (391 ͓98%͔ patients) providing these data ( Table  2 ). During follow-up, 139 (35%) patients experienced stent occlusion. The median delay to the first episode of stent occlusion was 9 months (range, 1 week to 67 months). There was no evidence that the etiology of the underlying stricture had any effect on outcome: patency rates at 2 years after stent insertion were 41% for strictures complicating chronic pancreatitis, 44% for postliver transplant strictures, and 38% for strictures complicating cholecystectomy.
Variation in follow-up periods between studies means that overall annual patency data cannot be derived from pooled data. Pragmatic information is provided on the number of patients with metal stents known not to have occluded (primary patency) on an annual basis after stent deployment ( Fig. 2A) and also on the number of stents known to have occluded annually after deployment (Fig. 2B ). During this period of primary patency, the number of patients with patent stents and the number of patent stents are equivalent terms. 
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Management of Stent Occlusion
The management of occluded metal stents was achieved by a variety of nonsurgical methods such as placement of a new stent (either plastic or a second metal stent) within the lumen of the occluded stent in 34 (24%), percutaneous biliary drainage or irrigation with or without repeat balloon dilatation in 54 (39%), and removal of sludge or calculi with endobiliary basket or balloon/cholangioscopic lithotripsy in 7 (5%). Operative removal of occluded stents was reported in 12 (9%) cases ( Table 2 ).
DISCUSSION
Analyses of pooled data are critically influenced by the nature of their constituent reports and by their inclusion and exclusion criteria. More subtle influences can be induced by positive publication bias and variations in available technol- In the present study, a further specific issue is that differentiation between benign and malignant strictures can be complex, the 2 conditions can coexist, and the diagnostic rigor applied in distinguishing benign from malignant disease is likely to vary between studies. Bearing these limitations in mind, the present study provides a detailed and readily traced search history, factors for inclusion and exclusion are clearly identified, and the resulting group of 400 represents the largest pooled cohort of patients with benign biliary stricture treated by metal endobiliary stents. The overview establishes that the median number of patients per report is low and further that the largest singleinstitutional cohort does not exceed 54. Recruitment periods are lengthy, and it is worth emphasizing that these patients are not elderly as their median age was 54 years.
A key point established by this overview is the lack of consistency in terminology. First, there was considerable variation in the definition of a symptomatic bile duct stricture. Second is the lack of uniformity in the description of stent patency. The term "primary patency" refers to the initial period of stent patency and is thus relatively straightforward. However, an episode of cholangitis occurring during the period of primary stent patency was regarded by some as an adverse event rather than an indicator of stent occlusion. 22 Further, recanalization of an occluded stent is referred to by a variety of terms, including secondary patency 23 and primary-assisted patency. 24, 25 The present report highlights the lack of standardization in nomenclature and emphasizes the need for the adoption of agreed descriptors
The principal etiology was postoperative stricture of the common bile duct. In the majority, metal stents were not used as initial intervention: either endoscopic/percutaneous balloon dilatation or plastic stent placement being the preferred initial intervention. A distinct etiologic group are those patients (n ϭ 88) with biliary stricture complicating liver transplantation. Several reports 17,23-25 justified the use of metal stents in this subgroup on the basis that patients with biliary stricture complicating the clinical picture of chronic graft rejection would be likely to require retransplantation at some point in their illness. The metal stent therefore served as a bridge for treatment of the biliary stricture with the prospect that if the stent were to occlude, retransplantation including removal of the extrahepatic biliary tree and stent would be a technical option. The third and most heterogeneous subset comprised patients with biliary strictures not due to prior surgery or complicating chronic inflammatory states such as chronic pancreatitis. Key issues here are that strictures secondary to diseases, such as sclerosing cholangitis, may be multifocal and involve both the intrahepatic and extrahepatic biliary tree. The practical issues raised are that jaundice may not be related to a dominant stricture and further that access to an occluded metal stent may be complicated by associated strictures. Distal bile duct strictures secondary to chronic pancreatitis were treated by metal stents in 69 patients. Biliary strictures complicating chronic pancreatitis are reported to be more predominant in patients with late-stage disease "end-stage" chronic pancreatitis 26 and so may present in patients with considerable comorbidity in the form of diabetes, pancreatic exocrine insufficiency, and portal hypertension. These patients will be a high-risk surgical category and further are likely to have a limited life expectancy.
An important finding is the limited number of stents that are known to be patent more than 3 years after placement ( Fig. 2A) . At 2 years after placement, 151 (38%) were known to be patent, with this value falling to 99 (25%) at 3 years. As these data are pooled from reports with varying follow-up periods (and a median follow-up period of 31 months), actuarial stent patency rates may be better than depicted in Figure 2A . Indirect evidence suggesting better patency rates comes from the data that only 139 (35%) stents occluded within the 31-month follow-up period (Fig. 2B ). It is evident that longer-term follow-up studies are required. Nonetheless, a conclusion based on the follow-up data highlighted in this systematic overview is that the evidence base pertaining to metal stent patency in benign biliary stricture more than 2 years out from initial deployment is extremely limited.
CONCLUSION
This study has carried out a systematic appraisal of the role of metallic endobiliary stents for the treatment of benign extrahepatic biliary stricture. The pooled data on 400 patients constitutes the largest collective report on this technique in this setting to date. The results show that, although stents can be deployed endoscopically or radiologically with relative ease and are associated with a low procedure-related complication rate, there is a critical lack of data on long-term patency. These limitations are brought into focus by these pooled data and lead to the conclusion that at the present time metallic endobiliary stents should not be used for benign stricture in those patients with a predicted life expectancy greater than 2 years.
